Testing the attention shift hypothesis as an account for the flanker sequencebased congruency modulation in spatial flanker tasks PETER ZEISCHKA, NATACHA DEROOST, DAVID HENDERICKX, and ERIC SOETENS Vrije Universiteit Brussel Smaller Simon effects when stimulus locations are repeated on successive trials rather than alternated have been explained by the attention shift hypothesis, suggesting that shifts of attention result in interfering response codes. We investigated whether the attention shift hypothesis can also explain smaller flanker effects for repeated flankers than for alternated flankers, which occur only with directional information. In 3 peripheral letter identification tasks, target locations were cued by partial or complete flanker stimuli. Experiments 1 and 2 showed that directional flankers elicit shifts of attention. However, Experiment 3 revealed that directional flankers induced inverted cuing effects when reacting to the central target arrow was additionally required. These results are difficult to reconcile with the attention shift hypothesis as an explanation for the congruency reduction with repetitions of directional flankers.
The purpose of the present research is to validate the most basic predictions of the attention shift hypothesis in flanker task environments. The attention shift hypothesis has been proposed to account for smaller interference effects when irrelevant information is repeated, as compared to when it is alternated (Notebaert, Soetens, & Melis, 2001; Notebaert & Soetens, 2006; Notebaert, Verbruggen, & Soetens, 2005) . In congruency tasks, this effect is found mainly when the interfering information contains spatial or directional properties (Zeischka, Deroost, Maetens, & Soetens, 2010) . In this article, we attempt to track the shifts of attention that are thought to underlie this difference in interference in a flanker task.
In the study of human cognition, interference is often measured in classic congruency tasks, such as the Simon (1990) , Stroop (1935;  for a review see MacLeod, 1991) , and flanker task (Eriksen & Eriksen, 1974) . These tasks have in common that an irrelevant stimulus feature or an irrelevant stimulus can be either similar or dissimilar to the relevant stimulus feature or relevant stimulus, to the response feature, or to both. For example, in one version of the flanker task, a central left-or right-pointing target arrow is surrounded by other arrows, all pointing to either the same (congruent trials) or the opposite (incongruent) direction of the target arrow. Typically, response times (RTs) and error rates (ERs) are higher for incongru-ent trials than for congruent trials. Such differences in performance indicators are known as congruency effects, in this case the flanker effect. Different models, such as the dimensional overlap model (Kornblum & Stevens, 2002; Kornblum, Stevens, Whipple, & Requin, 1999 ) and the related temporal overlap model (Hommel, 1997) , have been developed to account for congruency effects. In general, congruency effects demonstrate the interference of irrelevant information in the processing of the relevant information.
Congruency effects tend to decrease when the irrelevant information is repeated. This finding is especially striking when the irrelevant information is continuously being repeated on all trials of a block, and it has been demonstrated over a broad range of irrelevant information types and tasks, such as colors and words in a Stroop flanker task (Morein-Zamir, Henik, & Spitzer-Davidson, 2002) , words in the Stroop task (Melara & Algom, 2003) , location in the Simon task (Melara, Wang, Vu, & Proctor, 2008) , and magnitude and numerosity in a quantitative version of the Stroop task (Pansky & Algom, 2002) .
Reduced congruency effects have also been found when the irrelevant information is repeated on successive trials in serial tasks, where both the relevant and irrelevant information vary at random from trial to trial. However, the reduction is found only when the time between the response of trial N -1 and the stimulus presentation of trial N (response-stimulus interval [RSI]) is extremely short (i.e., 50 ms). This sequential modulation of congruency effects, which is the focus of the present study, was for the first time predicted and demonstrated in the Simon task by Notebaert et al. (2001; see also Notebaert & Soetens, 2003) . In the Simon task, participants have to react with spatial left-right responses to a nonspatial attribute of a stimulus appearing to the left or the right. The influence of the irrelevant stimulus location decreases when the RSI is short and when, simultaneously, the stimulus location is repeated. A similar pattern has also been found by Notebaert and Soetens (2006) in an arrow flanker task and in the Stroop task, where participants have to react to the ink color of a color word (e.g., the word "BLUE" printed in red ink). However, they failed to reliably replicate this finding in another Stroop study (Notebaert, Verbruggen, & Soetens, 2005) . Moreover, Zeischka et al. (2010) , using identical flanker task procedures in different experiments, demonstrated that this particular sequential congruency reduction occurs only when the flanker task involves directional stimuli. The congruency reduction was replicated when the target and flankers were arrow stimuli (Experiments 1 and 4) but not when the target and flankers were colored patches (Experiment 2) or letters (Experiment 3). Apparently, the modulation is stable only if the irrelevant information contains spatial or directional features. Shifts of attention may play a role in the limitation of this congruency modulation to spatial or directional information, and the aim of the current research is to clarify whether this congruency modulation is indeed brought about by spatial attention shifts.
Two models have been proposed to account for the congruency reduction effect: the sustained suppression hypothesis and the attention shift hypothesis. The sustained suppression hypothesis, originally proposed by MacLeod (1991) , suggests that irrelevant information is being suppressed during a trial. After the participant responds to the relevant information, this suppression decays but still lingers on for some time. As a consequence, if the RSI is short and if the irrelevant information is repeated on the next trial, the irrelevant information is still suppressed and therefore will not interfere or will interfere less with the processing of the relevant information. This idea is also consistent with the notion of negative priming (Neill, 1977) , which entails slower responses to the relevant information on trial N when that same information was irrelevant on trial N -1, as compared to when the irrelevant information on trial N -1 was different.
With this explanation, sustained suppression is assumed to be a general mechanism that applies to all types of irrelevant information, including nonspatial and nondirectional information. Therefore, the hypothesis fails to account for the difficulties in finding the congruency modulation for nonspatial information. However, combining the sustained suppression hypothesis with the ideas of the dimensional overlap theory (Kornblum & Stevens, 2002; Kornblum et al., 1999) may overcome this failure. The dimensional overlap model suggests two possible loci of interference: during the identification of the relevant stimulus and during the selection of the response. Stimulus identification is suggested to be influenced by overlap between relevant and irrelevant stimulus features, as in a flanker task with nondirectional information and in a Stroop task. Response selection is suggested to be influenced by overlap between an irrelevant stimulus dimension and a response dimension (e.g., stimulus location in a Simon task or arrow flanker direction in an arrow flanker task, interfering with the response location). In this case, the irrelevant information is proposed to be translated into a response code through a direct automatic route. Sustained suppression can be assumed to occur only in case of irrelevant stimulusresponse overlap, thereby suppressing the content of the direct route between the overlapping stimulus and response features.
In principle, this hypothesis does not assume that the congruency reduction for repeated irrelevant information depends on spatial or directional properties of the irrelevant information but only on the overlap between a response feature and an irrelevant stimulus feature. However, because any action with effectors involves a movement in space, spatial information may have a special status so that different principles may apply to spatial and nonspatial information. Note also that the congruency modulation occurs mainly with large conflict sizes (Zeischka et al., 2010) . The amount of suppression might depend on the magnitude of interference, resulting in more remaining suppression and a larger chance of observing a congruency modulation at the onset of the next trial. Sustained suppression may thus be specific to either irrelevant spatial information, as is the case in the Simon task and in a flanker task with arrow stimuli, to stimulus-response overlap, or to large-conflict situations.
Also, the attention shift hypothesis (Notebaert et al., 2001; Stoffer & Umiltà, 1997) predicts the congruency reduction to occur only if the irrelevant information has a spatial or directional dimension. Originally, this hypothesis was proposed as an explanation of the Simon effect and states that a shift toward a direction creates a corresponding spatial code. In the Simon task, it is assumed that participants always attend the central fixation cross until stimulus presentation. If a stimulus appears to the left of the fixation point, attention shifts to the left, toward the stimulus, thereby creating a "left" code. Because of the overlap between the irrelevant stimulus location and the response location, this "left" code activates a "left" motor code because of the direct route in the dimensional overlap model. This speeds up the response selection in case of a correct left response or slows this process down for a correct right response. Several researchers provided evidence for the attention shift hypothesis (Nicoletti & Umiltà, 1994; Notebaert et al., 2001; Stoffer & Yakin, 1994; Umiltà & Nicoletti, 1992) . For example, Notebaert et al. (2001) revealed a Simon effect for centrally presented stimuli and demonstrated that the direction of the shift of spatial attention determines the Simon effect, not the absolute spatial stimulus location.
Besides explaining the occurrence of the Simon effect, the attention shift account also predicts, with a very short RSI, a smaller Simon effect if the irrelevant stimulus location is repeated on consecutive trials as compared to when the irrelevant stimulus location is alternated. If attention has been directed toward a specific stimulus location, and if the RSI is too short for shifting attention between trials back toward the central fixation point, then no attention shift takes place if the next stimulus is presented on the same location. Consequently, no interfering motor code is activated, and no Simon effect is observed under these conditions. Also in the flanker task a similar process as in the Simon task may occur when arrow stimuli are used. Arrow flankers may bias attention in the direction pointed at by the flanker arrows, and once attention is biased toward a particular direction, renewed presentation of the same flanker arrows within a short time frame may fail to cause a renewed directional shift of attention, as attention would still be biased in that direction. As in the Simon task, this is true only if the RSI is sufficiently short, because otherwise attention would have enough time between trials to shift back toward the centrally presented fixation point. However, alternated arrow flankers would change the bias of attention into the pointing direction of the alternated flanker arrows. Note that it is the directional shift of the attentional bias that creates a spatial code, not the location of attention itself. This spatial movement of attention would create a spatial code, which can again interfere during response selection if there is irrelevant stimulus-response overlap. In summary, the attention shift hypothesis suggests that the flanker effect, when arrow stimuli are used and when there is irrelevant stimulus-response overlap, consists of two components: the normal flanker in-terference common to all flanker tasks and an additional Simon-like component attributable to the occurrence of attention shifts. Of the total flanker effect, this additional component would be present on flanker alternation trials because of shifts in the attentional bias, regardless of the RSI, but not present on flanker repetition trials with a short RSI because of a lack of an attention shift. This additional component is also consistent with the observation that the modulation of the flanker effect when directional information is used is accompanied by larger total flanker effects as compared to when nondirectional information is used (Zeischka et al., 2010) .
It is clear that such an attention shifting mechanism, causing a larger flanker effect and a sequential modulation of a component of the total flanker effect, is not possible with nondirectional or nonspatial irrelevant information, such as nonspatial words in the Stroop task or color information in a flanker tasks with color stimuli. However, one potential problem for the attention shift hypothesis is that it would also predict that the target arrow will produce attention shifts. A reanalysis of the data of Experiment 1 of Zeischka et al. (2010) that included target arrow sequence, which corresponds to response sequence, as an additional factor in an analysis of variance (anova) revealed that the congruency modulation is identical for repetitions and alternations of target arrow (F < 1). If target arrow (or response) related shifts of attention do occur, they may have effects that are independent of or purely additive to those of the flanker arrows. Interestingly, the congruency modulation in the Simon task is also independent of response sequence (Notebaert et al., 2001) .
On the basis of the data now available, it is very difficult to differentiate between the attention shift hypothesis and one of the possible forms of the sustained suppression account. Although there are data strongly supporting the contributions of attention shifts to the Simon effect and its sequence-dependent reduction (e.g., Notebaert et al., 2001 ), this does not mean that attention shifts may also account for the reduced congruency effect for repeated irrelevant information in other spatial tasks, such as the flanker task with arrows as stimuli. Although a similar data pattern for the Simon task and the arrow flanker task suggests a common mechanism, this need not be the case, especially when one considers that attention shifts are useful in the Simon task but are more likely to be counterproductive in a flanker task. Spatial shifts of attention in the Simon task bring the target stimulus into the focus of attention. The opposite is true in an arrow flanker task, where attention shifts would move attention away from the centrally presented relevant target stimulus and even bring the irrelevant flankers into the focus of attention.
To investigate the attention shift hypothesis in an arrow flanker task, in the present study we used a Posner cuing paradigm (Posner, 1980) in which a flanker stimulus will serve as a nonpredictive cue. The attention shift hypothesis assumes that in a serial arrow flanker task, attention is shifted in the direction pointed by the flanking arrows and that it is still biased in that direction 50 ms after the response to the target arrow. In particular, in a step-by-step fashion we investigated whether flanking arrows in flanker displays elicit attention shifts in the direction of these arrows.
In a cuing paradigm, participants have to detect or identify a target stimulus appearing at a location indicated by a preceding cue (i.e., on so-called valid trials) or at another location (i.e., on invalid trials). Typically, responses to the target stimulus are faster for valid than for invalid trials, which is known as a cuing validity effect and indicates that the cues bias attention toward the target stimulus location (Posner, 1980) . A distinction is made between endogenous and exogenous cues. Endogenous cues, such as colors and arrows, require an interpretation to voluntary direct attention, whereas exogenous cues, such as a stimulus onset, capture attention in a reflexive manner (Klein, 2000; Posner, 1980; Posner & Cohen, 1984) . For participants in a serial flanker task, however, it is most efficient to remain fixated at the location of the central target stimulus and to avoid shifts of attention because they may result in enhanced processing of the interfering flankers. Voluntary, endogenous attention shifts caused by the flanking arrows are therefore unlikely. If any shift of attention occurs in an arrow flanker task, then it is probably exogenous and reflexive. This contrasts with the predominant view that considers arrow stimuli as endogenous spatial cues (Ristic & Kingstone, 2006) . Interestingly, arrow stimuli are known to be associated with automatic activation (Eimer & Schlaghecken, 1998) , and there is also evidence that arrows can reflexively elicit shifts of spatial attention. Hommel, 340 • zeischka et al .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 Pratt, Colzato, and Godijn (2001) demonstrated attention shifts in a go-no go task with a stimulus onset asynchrony (SOA) of 600 ms between the cue and the target stimulus, caused by an arrow despite the fact that there was no correlation between the arrow direction and the target stimulus location. The cuing effect was present even when the target stimulus appeared on the majority (80%) of trials on either the left or the right side (Hommel et al., 2001, Experiment 4) . Also, Tipples (2002) showed cuing effects of unpredictive arrow stimuli but with SOAs as short as 100 and 300 ms. The presence of these cuing effects with SOAs that short indicates that the arrow cues reflexively biased attention. In general, there is ample evidence that arrows can reflexively elicit attention biases (see also Stevens, West, Al-Aidroos, Weger, & Pratt, 2008) , which opens the possibility for an attention shift explanation of the reduced congruency effect in arrow flanker tasks when the irrelevant flankers are repeated on immediately successive trials.
In Experiment 1 we tried to replicate the basic finding that noncentral arrow stimuli can generate reflexive visuospatial attention shifts. Experiment 2 aimed to look for a cuing effect of arrow flankers in a typical arrow flanker display including a central target arrow flanked by other arrow stimuli. In Experiment 3 we tested whether these flanker arrows can produce attention shifts predicted by the attention shift hypothesis if participants also have to react to the central target arrow of the flanker display. In general, the attention shift hypothesis predicts a cuing effect of the flanking arrows in all experiments and would therefore be consistent with the attention shift hypothesis as an explanation for the flanker sequence-dependent modulation of the flanker effect. An absence of cuing effects would weaken the support for the attention shift hypothesis in the arrow flanker task and therefore would leave the sustained suppression account as the currently preferred explanation for congruency modulation.
eXperiMent 1
The goal of the current experiment was to demonstrate that the arrow stimuli used by Zeischka et al. (2010) can indeed elicit visuospatial movements of attention in a reflexive way. To this end, we checked, in a go-no go task, whether these arrow stimuli can induce cue validity effects if the cue validity is unpredictable on each trial. Cuing effects are known to develop over time (Klein, 2000; Posner, 1980) . Therefore, in order to have a comparable basis with a serial arrow flanker task, it is important that the SOA between the cue and the target in the present experiments was similar to the time interval between successive flanker trial presentations in a flanker task. In the present and following experiments, we mimicked the timing of a flanker task with a 50-ms RSI as much as possible. In a serial flanker task, as in Notebaert and Soetens (2006) and Zeischka et al. (2010) , the flanker display remained on the screen until a response had been given. Typically, this response took about 500 ms. Therefore, the cues in the current experiments were also presented for 500 ms. Because we wanted to know whether attention is biased in a particular direction at the moment of the presentation of a new stimulus in a serial flanker task with an RSI of 50 ms, the target letter was always presented left or right of the fixation cross 50 ms after the cue disappearance. Therefore, the SOA between the cue and the target was 550 ms, except for Experiment 3, where the SOA varied as a function of the response time to a targetflanker stimulus plus 50 ms.
METHOD Participants
Thirty-five female and five male first-year psychology students of the Vrije Universiteit Brussel participated in this experiment. Ages ranged from 18 and 26 years, and all participants had normal or corrected-to-normal vision.
Stimuli and materials
As a fixation point we used a white plus sign measuring 0.4 visual degrees both horizontally and vertically. The cue stimulus consisted of eight arrows, all pointing either left or right (Table 1) . Four arrows were presented 0.3 visual degrees left and four arrows 0.3 visual degrees right of the fixation cross. The arrow stimuli in all experiments were identical to those used in Zeischka et al. (2010) . The visual angle of the complete cue was about 7˚ wide and 1˚ high. The letters H and N in Arial Monospaced, measuring 0.6˚ high and 0.4˚ wide, were used as targets. Viewing distance was about 60 cm. All stimuli were presented by an IBMcompatible computer in white on a black 17″ cathode ray tube screen, controlled by the E-Prime software attention shift hypothesis in flanker tasks • 341   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 47 (Schneider, Eschman, & Zuccolotto, 2002a , 2002b . Participants indicated their responses by pressing the spacebar with both thumbs simultaneously on a standard qwerty keyboard.
Procedure and design
Every trial started with the presentation of the fixation point in the middle of the screen. After 700 ms, the arrow cues were added for a duration of 500 ms, followed by an empty screen for 50 ms. Then the letter H or N of the go-no go task followed, disappearing at the moment a response was made or after 1,500 ms. The letter randomly and equiprobably appeared at the location of the second leftmost or rightmost arrow of the cue stimulus. There was no relationship between the side indicated by the cue and the actual location of the stimulus. On 80% of the trials, the letter H appeared, and on the remaining 20% the letter N appeared. Participants were instructed to press the spacebar as quickly as possible if the letter H appeared and to refrain from responding if the letter N appeared. Participants were instructed that it was very important not to react in case of an N, that they always had to attend to the central fixation point, and that there was no relationship between the direction of the cue and the letter location (i.e., that the arrow cues were completely irrelevant to the task at hand). Feedback was provided after erroneous or too-late responses. In these cases, "WRONG" or "TOO LATE" appeared in Dutch for 500 ms in the center of the screen, after which the fixation cross of the next trial was presented. Trials were separated by an empty screen for 500 ms.
The experiment started with visual instructions followed by a practice block of 20 randomly chosen trials. After this block, four experimental blocks of 40 randomly generated trials were carried out. The cues were valid on half of the trials and invalid on the other half, resulting in 80 trials per condition, of which 64 were go trials. After each block, a pause was provided, with feedback about performance on the preceding block (i.e., mean RT and error rate). If the error rate exceeded 10% or the mean RT was less than 600 ms, a message encouraged the participant to perform more accurately or more quickly.
RESULTS
Three participants were excluded because of high false alarm rates (greater than 33%). The mean false alarm rate was 11.7% (SD = 8.9%), and the mean miss rate was 0.2% (SD = 0.4%).
Response times
A repeated-measures anova with cue validity as the only factor was performed on the median RTs. This revealed shorter RTs for validly cued trials (M = 430 ms, SD = 46.6 ms) than for invalidly cued trials (M = 439 ms, SD = 49.5 ms), F(1, 36) = 7.624, MSE = 1,349.4, p < .010.
False alarms
The same repeated-measures anova as in the RT analysis was also performed on false alarm rates. The effect of validity on false alarm rates was nonsignificant (F < 1), indicating that false alarm rates were the same for all conditions. False alarm rates were 12.7% (SD = 12.1%) for validly cued trials and 10.8% (SD = 11.7%) for invalidly cued trials.
DISCUSSION
The experiment showed that the target letter was identified more quickly when the arrow cues correctly indicated the letter location (valid trials) than when Zeischka et al. (in press , Experiments 1 and 4). All cues were centrally presented in white on a black screen.
they did not (invalid trials), even when there was no relationship between cue direction and letter location. These results confirm the data obtained by Hommel et al. (2001) and Tipples (2002) , who demonstrated visuospatial attentional cuing effects of arrow stimuli when they do not predict the stimulus location. We provided additional evidence for the notion that arrow stimuli can reflexively bias attention toward a direction. For our purposes it is important that arrow stimuli can create a cuing effect in a condition with a similar time interval as between two stimulus presentations in a serial arrow flanker task with a RSI of 50 ms. Because the SOA in the current experiment was 550 ms (cue duration of 500 ms plus fixation presentation for 50 ms), these results also show that the reflexive cuing effect of nonpredictive arrow stimuli apparently does not produce an inhibition of return effect for SOAs longer than 300 ms (Posner & Cohen, 1984) . It can be argued that the cuing effect of the current experiment, 9 ms, is small. However, we think that the significance of an effect is more important than its absolute effect size. Also, small cuing effects attributable to uninformative arrows are not uncommon (Hommel et al., 2001, Experiment 3; Tipples, 2002) .
eXperiMent 2
In Experiment 1 only the flanker arrows, without a central target arrow, were presented as a cue. A flanker task usually involves the presentation of both the flanker arrows and the central target arrow. Therefore, it is not evident that flanker arrows still bias attention into the pointing direction if a central target arrow is added to the display. Because participants in the present experiments were required to remain fixated on the center of the screen, as in a flanker task, we expected that the central target arrow would be processed and might also produce a reflexive cuing effect. If, under these conditions, flanker arrows can still bias attention toward their pointing direction, then they should direct visuospatial attention in the same direction as the central target arrow for congruent trials and in the opposite direction for incongruent trials. In other words, the attention shift hypothesis predicts that the flanker arrows modulate the cuing effect of the central arrow, resulting in a larger cuing effect for congruent target-flanker displays than for incongruent target-flanker displays.
METHOD Participants
Thirty-one female and five male first-year psychology students of the Vrije Universiteit Brussel participated in the experiment. Age ranged from 18 to 30 years, and all participants had normal or corrected-tonormal vision.
Stimuli and materials
The same stimuli and materials were used as in Experiment 1, except that a central arrow was added to the cue ensemble (see Table 1 ). In Experiment 2, the arrow cues were complete flanker task stimuli (i.e., they did not contain only what would be the flankers in a traditional flanker task but also a central arrow stimulus, which is the relevant stimulus in a flanker task). Four cues were possible: the factorial combination of left or right flanker arrow direction and central arrow direction. In what follows we refer to the flanker arrows as the flanker cues, to the central arrow as the target cue, and to the imperative go-no go stimulus as the target letter. The term congruency will always indicate the congruency of the target cue with the flanker cue.
Procedure and design
Procedure and design were kept as close as possible to those of Experiment 1. Timing and events within one trial were the same as in Experiment 1, but unlike in Experiment 1, the fixation point was not visible during the cue presentation because of the presence of the target cue. Also, here there was no relationship between the target cue direction and the target letter location or between the flanker cue direction and the target letter location. This was explicitly mentioned to the participants, as they were also instructed to always focus on the center of the screen. Cues and letter locations were randomly chosen for every trial. Consequently, 50% of the target cues were valid and 50% invalid. Similarly, 50% of the flanker cues were congruent with the target cue, and 50% were incongruent. This experiment involved eight blocks of 40 trials, resulting in 80 observations per condition, of which 64 were go trials.
RESULTS
Eight participants were excluded because their false alarm rates exceeded one third of the presented no-go trials. The mean false alarm rate was 19.3% attention shift hypothesis in flanker tasks • 343   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 (SD = 12.4%), and the mean miss rate was 0.4% (SD = 0.6%). The mean within-participant correlation of the median RT and the false alarm rate over the conditions indicated that there was no speedaccuracy trade-off (M = -.17, SD = .63, t(27) = -1.452, p < .16).
Response times
A 2 (target cue validity) × 2 (congruency) repeatedmeasures anova was performed on the median RTs. We opted for these factors so as to make the analysis and results comparable with those of Experiment 3. As a consequence, flanker cue validity is not a factor in the analysis. Note that the interaction between target cue validity and congruency in this analysis is identical to a main effect of flanker cue validity in an analysis with target cue validity and flanker cue validity as factors.
The analysis revealed a main effect of target cue validity, F(1, 27) = 5.648, MSE = 128.41, p < .025, and no main effect of congruency, F < 1. Trials on which the letter location was validly cued by the target cue were reacted to more quickly (M = 427 ms, SD = 47.5 ms) than invalidly cued trials (M = 433 ms, SD = 51.0 ms). Additionally, there was a significant interaction between congruency and target cue validity, F(1, 27) = 6.032, MSE = 188.64, p < .021. As illustrated in Table 2 , the cuing effect of the central arrow was present only for congruent (M = 12 ms, SD = 21.1 ms), F(1, 27) = 7.96, MSE = 231.13, p < .009, but not for incongruent (M = -1 ms, SD = 12.9 ms), F < 1, targetflanker cues.
False alarms
A 2 (target cue validity) × 2 (congruency) repeatedmeasures anova on false alarm rates did not reveal any significant effect (all ps > .20). The false alarm rates are shown in Table 2 .
DISCUSSION
The flanker arrows appear to have modulated the cuing effect caused by the target arrow. For congruent target flanker arrows, there was a cuing effect of the target arrow, but the target arrow cuing effect was absent for incongruent displays. This interaction between target cue validity and congruency indicates that the target arrow and the flanker arrows may, independently from each other, control visuospatial attention: Target and flanker arrows apparently biased attention together in the same direction on congruent target-flanker combinations and pushed attention in opposite directions on incongruent target-flanker displays, thereby canceling out their cuing effects. Importantly, these data show that flanker arrows still appear to elicit attention shifts in complete targetflanker displays at a purely perceptual level, that is, without response requirements to the target arrow. In addition to Experiment 1, this fulfills a second precondition for the attention shift to account for the smaller congruency effect on flanker repetition trials as compared to flanker alternation trials in a serial arrow flanker task with short RSIs. Note that in this design the target and flanker arrows were completely irrelevant to the task.
This experiment bears some similarities to the studies of Muller and Rabbitt (1989) , who formulated a model in which two distinct orienting mechanisms, namely a reflexive and a voluntary one, influence spatial attention. Also, these authors revealed interactions between cues; more specifically, they found that reflexive orienting is influenced by voluntary orienting. Interestingly, they also demonstrated that irrelevant peripheral flashes can compete with relevant peripheral cues. Although it is difficult to determine the extent to which the cuing effects in the current experiment were reflexive, it is interesting to note that The circumstances in a flanker task differ drastically from Experiment 2. A flanker task involves a stimulus-response translation of the central target arrow, which was not the case in Experiment 2. Moreover, in a flanker task, the flankers are also processed according to the task set rules that apply to the central target arrow (Eriksen & Eriksen, 1974) . These flankers may activate conflicting responses, which results in a flanker effect, and possibly also in suppression of the flankers to resolve the response conflict. Experiment 3 was similar to Experiment 2 except that it also involved responding in the direction of the central target arrow. That is, participants had to make two consecutive responses: one lateralized response in the direction of the target cue and one central response to the target letter. In this experiment we were able to investigate possible attention shifts in an arrow flanker task and to establish whether the attention shift hypothesis can be used to account for the congruency modulation in arrow flanker tasks with a short RSI. If the attention shift hypothesis is a valid explanation for the congruency modulation observed in arrow flanker tasks, we would expect to see similar results in the current letter task as in Experiment 2: a larger target cuing effect for congruent than for incongruent trials. Additionally, because of the obligatory processing of the target arrow cue for the flanker task, a significant main effect of target cue validity might appear. Moreover, the premotor theory of attention (Eimer, Forster, Van Velzen, & Prabhu, 2005; Rizzolatti, Riggio, Dascola, & Umiltá, 1987) would predict an effect of target cue validity in the letter task. This theory suggests that response preparation toward a location directs attention toward that same location. For example, Diedrichsen, Ivry, Cohen, and Danziger (2000) showed that participants were more likely to correctly categorize a letter if it appeared on the same side of the response, suggesting that attention shifted in the response direction. The additional lateralized response requirement in Experiment 3 might enhance the target cuing effect and consequently also the total cuing effect on congruent target-flanker trials.
Also, the cuing effects of the flanker arrows might be greater than in Experiment 2 because they are also being processed according to the task requirements and may therefore be translated into response codes (Eriksen & Eriksen, 1974) . As a consequence, the interaction between target cue validity and congruency of Experiment 2 might be larger in Experiment 3. Most important to us was whether the interaction of Experiment 2 would remain present in Experiment 3, because this would be evidence for flanker arrows causing attention shifts and hence would support the attention shift hypothesis as an explanation for at least part of the congruency modulation in directional and spatial flanker tasks.
METHOD Participants
Thirty-one female and eight male first-year psychology students of the Vrije Universiteit Brussel participated in this experiment. Age ranged from 18 to 27 years.
STIMULI AND MATERIALS
Stimuli and materials were the same as in Experiment 2, except that additional responses were made with the "Z" key or "/" key. The left index finger was mapped onto the "Z" key, and the right index finger was mapped to the "/" key.
Procedure and design
In comparison with Experiment 2, this experiment involved responding to the target cue of the flanker display. Participants first responded in the pointing direction of the central target arrow ensemble by pressing the left ("Z") key or the right ("/") key. After the participant responded to the target arrow, or after 1,500 ms had passed, the target-flanker stimulus was immediately replaced by the fixation cross. As in the other experiments, the target letter (H or N) appeared 50 ms after the cue offset left or right of the fixation cross. Cue duration was variable, equal to the RT to the target arrow, and the SOA between cue and letter amounted to the RT to the target arrow plus the 50 ms of blank screen. The remaining part of the trials was identical to Experiment 2 except for attention shift hypothesis in flanker tasks • 345 the feedback. Feedback about incorrect or omitted responses concerned both the cuing task and the flanker task. On the block level, mean RT and error were displayed for both tasks.
RESULTS
Eight participants were excluded because of high false alarm rates, exceeding one third of the presented no-go trials. Median RTs, error rates, and false alarm rates for the respective responses are shown in Table 3 .
Flanker task
The mean error rate for the flanker task was very low (M = 1.1%, SD = 1.3%) and therefore was not analyzed further.
The 2 (target cue validity) × 2 (congruency) repeated-measures anova on the median RTs only revealed a main effect of congruency, F(1, 30) = 194.697, MSE = 1,099.4, p < .001, showing that congruent flanker trials (M = 463 ms, SD = 45.1 ms) were reacted to more quickly than incongruent flanker trials (M = 546 ms, SD = 47.0 ms). All other effects were far from significant (F < 1), as expected, given that the target and arrow cue validity were unknown at the time of the presentation of the flanker display. The factor of target cue validity was included in this analysis to rule out the possibility of differences in flanker effects (whatever their cause) that could account for differences in cuing effects in the letter task.
Letter task RESPONSE TIMES.
Only trials with correct responses on the flanker task were included in the analysis of the cuing task. The mean false alarm rate was 23.1% (SD = 7.7 %), and the mean miss rate was 0.5% (SD = 0.7%). The mean within-participant correlation of the median RT and the false alarm rates over the conditions indicated that there was no speed-accuracy trade-off (M = -.13, SD = .60, t(30) = -1.206, p < .24).
The 2 (target cue validity) × 2 (congruency) repeated-measures anova on the median RTs revealed a marginal significant main effect of target cue validity, F(1, 30) = 3.040, MSE = 190.56, p < .092, and a significant main effect of congruency, F(1, 30) = 8.328, MSE = 94.27, p < .008. Trials with the letter location validly cued by the target arrow (M = 425 ms, SD = 44.0 ms) were responded to more quickly than invalidly cued letter locations (M = 429 ms, SD = 50.1 ms), and letters were globally identified more slowly after a congruent target-flanker cue trial (M = 430 ms, SD = 46.5 ms) than after an incongruent target-flanker cue trial (M = 425 ms, SD = 47.3 ms). However, there was a significant interaction between congruency and target cue validity, F(1, 30) = 5.837, MSE = 99.23, p < .022, indicating that the target arrow cuing effect was modified by the congruency of target and flanker. The target arrow cuing effect turned out to be significant only in case of incongruent target-flanker cues (M = 9 ms, SD = 16.4 ms), F(1, 30) = 8.386, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 47MSE = 128.15, p < .007, and completely absent in case of congruent target-flanker cues (M = 0 ms, SD = 17.1 ms), F < 1 (see Table 3 ). In other words, attention was biased in the direction opposite to the arrow flanker cues on incongruent target-flanker displays, whereas on congruent target-flanker displays attention appeared not to be biased by the flanker cues.
FALSE AL ARMS.
The 2 (target cue validity) × 2 (congruency) repeated-measures anova on false alarm rates failed to reveal a significant effect (all ps > .25).
DISCUSSION
The target-flanker cue congruency effect in the flanker task demonstrated that the arrow flankers were indeed processed. The congruency effect was identical for trials with valid and invalid target cues. Unexpectedly, and in contrast to Experiment 2, a target cue validity effect was found for incongruent but not for congruent target-flanker cues. Especially in light of the results of Experiment 2, we would at least have expected a target cue validity effect for congruent target-flanker cues. Moreover, this target cue validity effect on incongruent trials indicates that attention was biased in the opposite direction of the arrow flanker cue, contradicting the attention shift hypothesis, which predicts attention shifts corresponding to the flanker arrow direction. If the present pattern is caused by movements of visuospatial attention, then it is difficult to accept that attention shifts explain the modulation of the flanker effect when arrow stimuli are used under short RSI conditions. Apparently, the additional response requirements to the flanker display in Experiment 3, in comparison to Experiment 2, substantially influenced the independent cuing capacities of the flanker arrows that were present in Experiment 2. Experiment 3 also differed from Experiment 2 in respect to the cue duration, which corresponded to the SOA between the target-flanker stimulus and the letter stimulus minus 50 ms. Whereas in Experiment 2 the SOA between cue and letter target was fixed at 550 ms, the SOA in Experiment 3 was variable because duration depended on the speed of the response to the target arrow. As a consequence, median SOA (and cue duration) was about 80 ms longer for incongruent target-flanker cues than for congruent target-flanker cues. For exogenous cues, longer SOAs are known to be associated with a greater likelihood of inhibition of return (Klein, 2000) , which could explain the cuing effect on incongruent target-flanker trials to be opposite to the flanker cue direction. However, it should also be noted that unpredictive arrow cues cause a positive cuing effect at both short RSIs of 100 and 300 ms (Tipples, 2002) and longer SOAs of 600 ms (Hommel et al., 2001) , which is longer than the intervals in the present experiment. Other explanations will be addressed in the General Discussion.
General DiscUssion
In three experiments, we tested whether the most basic assumption of the attention shift hypothesis also holds in an arrow flanker task and whether such attention shifts could be responsible for the modulation of the flanker effect when arrow stimuli are used. The attention shift hypothesis states that spatial shifts of attention result in a motor code (e.g., an attention shift to the left would create a left motor code). The hypothesis has been proposed to explain the occurrence of the Simon effect (Nicoletti & Umiltà, 1994; Umiltà & Nicoletti, 1992) and the absence of the Simon effect when the stimulus location is repeated and the RSI is short (Notebaert et al., 2001 ). This condition is assumed not to involve an attention shift and hence not to activate a spatial code that can interfere with task processing. Attention shifts may also explain the finding of smaller congruency effects in a flanker task when the flankers are repeated in comparison to when the flankers are alternated on successive trials, but only if the RSI between the trials is very short (i.e., 50 ms) and when the flanker task involves arrow stimuli (Zeischka et al., 2010) . The goal of this study was to investigate whether attention shifts do indeed occur in such an arrow flanker task and whether the attention shifts are in the direction predicted by the attention shift hypothesis.
To accomplish our research goal, we investigated the biases of visuospatial attention caused by arrow target-flanker displays, adopting a go-no go cuing paradigm in which participants had to identify a target letter appearing in the left or right visual hemifield, 50 ms after the disappearance of the arrow target-flanker cue. In this cuing task, there was no attention shift hypothesis in flanker tasks • 347 relationship between the arrow target direction and the letter location or between the arrow flanker direction and the letter location.
Experiment 1 was designed to check whether the arrow flankers, without a central target arrow, direct spatial attention reflexively in the indicated direction. The target letter was identified more quickly if the flanker arrows were valid and pointed toward the letter location, as compared with invalid flanker arrows pointing in the opposite direction. The peripheral and unpredictive flanker arrows thus biased attention reflexively into their pointing direction. The most basic prerequisite for the attention shift hypothesis, namely cuing effects of an uninformative arrow, was thus fulfilled. The results of this experiment are in line with the studies of Hommel et al. (2001) and Tipples (2002) , who obtained similar results for uninformative arrow cues.
In Experiment 2, we added an irrelevant central target arrow so that the cue consisted of a complete target-flanker display. The goal of this experiment was to verify whether cuing effects of arrow flankers can still be found in complete target-flanker displays for which it is known that congruency modulation occurs. Congruency influenced the target cue validity effect, with a cuing effect in the direction of the target arrow being present for congruent but absent for incongruent target-flanker displays. The flanker arrows appear to have influenced spatial attention, independently from the target arrow, working in the same direction on congruent displays but counteracting the target arrow cuing effect on incongruent displays.
In Experiment 3, we tested whether flanker arrows also induce spatial biases as predicted by the attention shift hypothesis if, as in a flanker task, a lateralized response had to be given to the central target arrow. According to the attention shift hypothesis, a similar pattern as in Experiment 2 was expected. However, the reverse was true: A target cuing effect was revealed for incongruent displays, but no cuing effect was present at all for congruent stimuli. This result is difficult to explain in terms of the attention shift hypothesis because it would mean that on incongruent flanker trials, attention is biased in the direction opposite that of the flanker arrows. The arrow flanker cues did not bias visuospatial attention according to the attention shift hypothesis, which may indicate that this hypothesis is not an adequate explanation for the sequential modulation of the congruency effect in the flanker tasks with arrow stimuli.
In general, the attention shift hypothesis seems to hold fairly well, as long as no response is required to the central target arrow. The perceptual similarity between Experiment 2 and Experiment 3 suggests that a different or additional process may have interfered in Experiment 3. It is evident that the requirement in Experiment 3 to process the central target arrow before the other arrows increases selection demands as compared to Experiment 2, because participants need to distinguish the direction of the central arrow from that of the flankers in order to make a correct response. Two processes, attention and suppression, may be involved in this selection.
Theoretically, attention may achieve this selection through amplification of the activation caused by the relevant central target arrow or decreased attention for the flankers. This increased allocation of attentional resources to the target arrow would be likely to result in a greater target cuing effect than in Experiment 2 while leaving the influence of the flanker arrows intact (in the case of unlimited attentional resources). Assigning less attention to the flanker arrows, on the other hand, would decrease the influence of the flanker arrows on the target arrow cuing effect. Consequently, the interaction between target arrow cue and congruency would be smaller, or even absent, in Experiment 3. In sum, more focused attention when participants respond to the central target arrow would result in a larger target cuing effect for both congruent and incongruent displays. This was not the pattern observed in Experiment 3.
Alternatively, suppression of the flanker arrows as a means to select the target arrow may explain the current results. When participants responded to the target arrow, the irrelevant flanker arrows could be suppressed. With the suppression of the flanker arrows, all related activations, including the codes for attention shifts, may be suppressed. Consequently, a smaller target arrow cuing effect should be observed for congruent than for incongruent target-flanker displays. On congruent trials, the target arrow cuing effect would be counteracted by the suppressed congruent flanker arrow direction, whereas on incon-gruent trials, the target arrow cuing effect may be enhanced by the suppressed flanker-related direction, which is opposite to the target arrow direction.
Essential to this alternative account is that the addition of a response requirement to the central target arrow induces suppression of the flanker arrows, causing reversed validity effects on the letter response task as compared to the pure visual targetflanker displays without responding (Experiment 2). Interestingly, this idea is consistent with the sustained suppression hypothesis, which has been proposed to explain the sequential modulation of the flanker effect (Notebaert & Soetens, 2006) . Also, the sustained suppression hypothesis assumes that the flankers are suppressed during a given trial. According to this hypothesis, the suppression decays gradually but lingers on into the next trial, resulting in smaller interference of the flankers if the flankers of the preceding trial are being repeated.
However, a potential problem for the sustained suppression theory is that sustained suppression is assumed to be a general phenomenon, applying to both spatial and nonspatial information. In contrast, the sequential modulation of the congruency effect appears not to be a general phenomenon: It is stable only when the irrelevant information has spatial properties, that is, in the Simon task (Notebaert et al., 2001 ) and in the flanker task with arrow stimuli (Notebaert & Soetens, 2006) . The modulation is not present when color flankers are used (Zeischka et al., 2010) and is unstable in the Stroop task (Notebaert et al., 2005) , where words represent the irrelevant information.
Three adaptations of the sustained suppression hypothesis may overcome this problem. First, sustained suppression may simply occur only when the irrelevant information is spatial. Second, sustained suppression may occur only in case of response conflicts (i.e., if there is stimulus-response overlap, as is the case in the Simon task and the flanker task with arrow stimuli and lateralized responses). Third, the degree of suppression might be a function of the amount of conflict, that is, larger conflicts may be associated with more suppression (Schalghecken & Eimer, 2002) . Note that the occurrence of the congruency modulation in flanker tasks appears also to be related to conflict size (Zeischka et al., 2010) .
We acknowledge that the false alarm rates in this series of experiments were high. However, the RT effects were present and significant. Moreover, despite the high false alarm rate, the results of Experiment 1 were very similar to these of previous research (Hommel et al., 2001; Tipples, 2002) . Experiments 2 and 3 displayed fundamentally different properties and had similar high false alarm rates, suggesting that differences in attention to the task cannot account for the different outcomes of these experiments. Because there were very few participants with low false alarm rates, we think that participants were not being lazy, but the cuing tasks were truly difficult. Note also that the low error rate of 1.1% in the flanker task of Experiment 3 indicates that the participants tried to perform the task as well as possible. In all experiments, the false alarm rates and RTs were slightly negatively correlated, although nonsignificantly. This can be interpreted in terms of a speed-accuracy trade-off. Therefore, caution is needed in interpreting the current data. However, the analyses of the false alarm rate did not reveal any significant effect in any experiment, rendering the observed differences in false alarm rates unreliable. The current data may be best considered as a starting point, with an optimized method with lower false alarm rates needed for further research.
In summary, our results clearly show that flanker arrows bias visuospatial attention in the direction expected by the attention shift hypothesis, but only if no response selection has to be made on the targetflanker displays. Once response selection to the central stimulus is involved, which is the situation that most closely resembles a serial flanker task, the attention shift hypothesis no longer explains the obtained results. The failure of the attention shift hypothesis to correctly predict the visuospatial attention biases in single target-flanker displays weakens the attention shift hypothesis as an explanation for the reduced congruency effect for flanker repetitions in serial arrow flanker tasks. The present data appear to be more consistent with an explanation in terms of the sustained suppression hypothesis. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47Address correspondence about this article to Peter Zeis1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 
